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SINGLE PHASE MOTOR DRIVING UNIT, METHOD OF DRIVING 
SINGLE PHASE MOTOR AND INTEGRATED CIRCUIT 

NOTICE OF COPYRIGHTS AND TRADE DRESS 

[0001] A portion of the disclosure of this patent document contains material which is 
subject to copyright protection. This patent document may show and/or describe matter 
which is or may become trade dress of the owner. The copyright and trade dress owner has 
no objection to the facsimile reproduction by any one of the patent disclosure as it appears in 
the Patent and Trademark Office patent files or records, but otherwise reserves all copyright 
and trade dress rights whatsoever. 

RELATED APPLICATION INFORMATION 

[0002] The present application claims priority upon Japanese Patent Application No. 
2002-315655 filed on October 30, 2002, which is herein incorporated by reference. 
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BACKGROUND OF THE INVENTION 
Field Of The Invention 

[0003] The present invention relates to a single phase motor driving unit, a method of 

driving a single phase motor, and an integrated circuit. 

Description Of Related Art 

[0004] A conventional single phase motor driving unit will be described below with 
reference to FIGS. 5 and 6. FIG. 5 is a circuit diagram showing the conventional single phase 
motor driving unit, and FIG. 6 is a waveform chart showing driving waveforms for the 
conventional single phase motor driving unit. 

[0005] NPN-type bipolar transistors 2 and 4 (first driving transistors) supply a single 
phase coil 6 with a driving electric current in the right direction in the drawing when driving 
signals A and D are supplied. Hence, the collector-emitter path of the bipolar transistor 2, the 
single phase coil 6, and the collector-emitter path of the bipolar transistor 4 are connected in 
series between a power source VCC and a ground VSS. In the same way, NPN-type bipolar 
transistors 8 and 10 (second driving transistors) supply the single phase coil 6 with a driving 
electric current in the left direction in the drawing when driving signals C and B are supplied. 
Hence, the collector-emitter path of the bipolar transistor 8, the single phase coil 6, and the 
collector-emitter path of the bipolar transistor 10 are connected in series between the power 
source VCC and the ground VSS. And by the bipolar transistors 2, 4 and 8, 10 being 
complementarily switched on and off to change the direction of the driving electric current 
for the single phase coil 6 as needed, the single phase motor rotates. 
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[0006] Furthermore, the change timings of the driving signals A, B, C, and D are slightly 
deviated from each other. That is, when the bipolar transistors 2, 4 and 8, 10 are 
complementary switched on and off, no electric current passes through between the power 
source VCC and the ground VSS and the circuit is not short-circuited because the bipolar 
transistors 2, 4 and 8, 10 are all off simultaneously for a short time. See Japanese Patent 
Application Laid-Open Publication No. Hei7-87775. 

[0007] However, when the bipolar transistors 2, 4 and 8, 10 are complementarity 
switched on and off, the driving electric current in the right direction in the drawing for the 
single phase coil 6 circulates along the recirculation path indicated by a broken line to be 
dissipated in a short time. On the other hand, the driving electric current in the left direction 
in the drawing for the single phase coil 6 circulates along the recirculation path indicated by 
an alternate long and short dashed line to be dissipated in a short time. That is, in phase 
changes where the bipolar transistors 2, 4 and 8, 10 are complementarily switched on and off, 
the driving electric current for the single phase coil 6 has ineffective electric current portions 
indicated by oblique lines and does not contribute much to torque, and thus the direction of 
the driving electric current for the single phase coil 6 suddenly changes. There is a problem 
that by this, vibrations, noises, and power consumption of the single phase motor become 
large. 
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SUMMARY OF THE INVENTION 

[0008] One aspect of the present invention to solve the above and other problems 

provides a single phase motor driving unit comprising a first driving transistor supplying a 
single phase coil with a driving electric current in a certain direction, a second driving 
transistor supplying the single phase coil with a driving electric current in the opposite 
direction, and a recirculating section which recirculates the driving electric current for the 
single phase coil by controlling the on-off timings of the first and second driving transistors 
in a predetermined period immediately before the direction of the driving electric current for 
the single phase coil changes. 

[0009] Features and objects of the present invention other than the above will become 
clear by reading the description of the present specification with reference to the 
accompanying drawings. 
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DESCRIPTION OF THE DRAWINGS 

[0010] For a more complete understanding of the present invention and the advantages 
thereof, reference is now made to the following description taken in conjunction with the 
accompanying drawings wherein: 

[0011] FIG. 1 is a circuit block diagram showing a single phase motor driving unit 
according to the present invention; 

[0012] FIG. 2 is a waveform chart showing the waveform of each portion of the detecting 
section constituting a part of the single phase motor driving unit according to the present 
invention; 

[0013] FIG. 3 is a waveform chart showing the waveform of each portion in FIG. 1 ; 
[0014] FIG. 4 is a waveform chart showing a major part of the waveforms of FIG. 3 on a 
larger scale; 

[0015] FIG. 5 is a circuit diagram showing a conventional single phase motor driving 
unit; and 

[0016] FIG. 6 is a waveform chart showing driving waveforms of the conventional single 
phase motor driving unit. 
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DETAILED DESCRIPTION OF THE INVENTION 
Outline of Disclosure 

[0017] At least the following matters will be made clear by the description in the present 
specification and the description of the accompanying drawings. 

[0018] The single phase motor driving unit comprises a first driving transistor supplying 
a single phase coil with a driving electric current in a certain direction, a second driving 
transistor supplying the single phase coil with a driving electric current in the opposite 
direction, and a recirculating section for recirculating the driving electric current for the 
single phase coil by controlling the on-off timings of the first and second driving transistors 
in a predetermined period immediately before the direction of the driving electric current for 
the single phase coil changes. According to this single phase motor driving unit, in a 
predetermined period the driving electric current for the single phase coil decreases over 
time, and the direction of the driving electric current for the single phase coil gradually 
changes (soft switching action). Thereby vibrations, noises, and power consumption of the 
single phase motor can be restricted to a low level. 

[0019] Moreover, this single phase motor driving unit can include a recirculating diode 
for recirculating the driving electric current for the single phase coil. Thereby, the driving 
electric current for the single phase coil can be certainly recirculated. 

[0020] Furthermore, the single phase motor driving unit can include a comparison section 
which compares the absolute value of a sine wave signal obtained from a Hall device that 
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detects the rotational position of the single phase motor with a reference value and outputs a 
timing signal corresponding to the predetermined period. The recirculating section controls 
the on-off timings of the first and second driving transistors, based on the timing signal. 
According to the single phase motor driving unit, the timing of the predetermined period 
immediately before the direction of the driving electric current for the single phase coil 
changes can be certainly captured. 

[0021] Yet further, the single phase motor driving unit can include a detecting section 
which detects the rotation and stop of the single phase motor and outputs rotation and stop 
signals. When the single phase motor cannot be started, the recirculating section stops the 
operation of recirculating the driving electric current for the single phase coil until the output 
of the detecting section changes from the stop signal to the rotation signal. Here, when a 
phase relation between a magnet on the rotor side and the Hall device while the single phase 
motor is suspended is within the predetermined period, the recirculation operation of the 
recirculating section makes the single phase motor unable to start. Hence, according to the 
single phase motor driving unit, because the recirculating section suspends the recirculation 
operation until the single phase motor starts rotating, the single phase motor can be certainly 
started even at a suspending position where the single phase motor cannot be started. 

[0022] Furthermore, in the single phase motor driving unit which has a first driving 
transistor supplying a single phase coil with a driving electric current in a direction and a 
second driving transistor supplying the single phase coil with a driving electric current in the 
opposite direction, the method of driving a single phase motor comprises recirculating the 
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driving electric current for the single phase coil to decrease over time in a predetermined 
period immediately before the direction of the driving electric current for the single phase 
coil changes. According to the method of driving a single phase motor, the direction of the 
driving electric current for the single phase coil gradually changes. Thereby vibrations, 
noises, and power consumption of the single phase motor can be restricted to a low level. 

[0023] Furthermore, an integrated circuit which includes the above-mentioned single 
phase motor driving unit can be realized. 

Structure of the Single Phase Motor Driving Unit 

[0024] The structure of the single phase motor driving unit of the present invention will 
be described below with reference to FIG. 1. FIG. 1 is a circuit block diagram showing the 
single phase motor driving unit of the present invention. Note that in this embodiment, the 
single phase motor driving unit is an integrated circuit, and that a single phase coil is 
externally connected with the integrated circuit. 

[0025] NPN-type bipolar transistors 102 and 104 (first driving transistors) supply a 
driving electric current in the right direction in the drawing for a single phase coil 106 in FIG. 
1. Hence, the collector-emitter path of the bipolar transistor 102, the single phase coil 106, 
and the collector-emitter path of the bipolar transistor 104 are connected in series between a 
power source VCC and a ground VSS. In the same way, NPN-type bipolar transistors 108 
and 1 10 (second driving transistors) supply a driving electric current in the left direction in 
the drawing for the single phase coil 106 in FIG. 1. Hence, the collector-emitter path of the 



File No. S008-P03195US 

9 

bipolar transistor 108, the single phase coil 106, and the collector-emitter path of the bipolar 
transistor 1 10 are connected in series between the power source VCC and the ground VSS. 
Then the bipolar transistors 102, 104 and 108, 1 10 are complementarily switched on and off 
by being supplied with either of driving signals Al, Bl, CI, and Dl or driving signals A2, 
B2, C2, and D2 identical to the driving signals A, B, C, and D of FIG. 6, and thereby the 
direction of the driving electric current for the single phase coil 106 is changed as needed for 
the single phase motor to rotate. A recirculation diode 112 is for recirculating the driving 
electric current when the direction of the driving electric current for the single phase coil 106 
changes from the right direction to the left direction in the drawing, and is connected in 
parallel with the collector-emitter path of the bipolar transistor 1 10. Similarly, a recirculation 
diode 114 is for recirculating the driving electric current when the direction of the driving 
electric current for the single phase coil 106 changes from left to right in the drawing, and is 
connected in parallel with the collector-emitter path of the bipolar transistor 104. 

[0026] A Hall device 1 16 is fixed at a predetermined position opposing the magnet on the 
rotor side of the single phase motor and biased at a constant voltage. The Hall device 1 16 
outputs a sine wave signal corresponding to the rotational position of the single phase motor, 
that is, corresponding to the change of the magnetic pole on the rotor side opposing thereto. 
A comparison circuit 1 18 has a hysteresis characteristic for preventing chattering and is for 
reshaping the sine wave signal from the Hall device 1 16 into a rectangular wave signal. Note 
that the rectangular wave signal is a flow-change signal that causes the driving electric 
current for the single phase coil 106 to change direction to the right direction or the left 
direction in the drawing. An absolute value circuit 120 (a comparison section) compares the 



File No. S008-P03195US 

10 

absolute value of the sine wave signal and a reference value and outputs a timing signal for 
recirculating the driving electric current for the single phase coil 106. 

[0027] A detecting section 122 includes a capacitor 124, a constant electric current source 
126, an NPN-type bipolar transistor 128, a comparison circuit 130, and a reference voltage 
VREF, and detects the rotation and stop of the single phase motor. Here, the capacitor 124 
and the constant electric current source 126 constitute a charging circuit, and the capacitor 
124 and the bipolar transistor 128 constitute a discharging circuit. At the non-grounded side 
of the capacitor 124, a charge-discharge voltage having a sawtooth-shaped waveform 
emerges. The plus (non-inverting input) terminal of the comparison circuit 130 is connected 
with the reference voltage VREF, and the minus (inverting input) terminal is connected with 
the non-grounded side of the capacitor 124. That is, the comparison circuit 130, by 
comparing the charge-discharge voltage at the non-grounded side of the capacitor 124 and the 
reference voltage VREF, outputs a detected signal of "H" in level when the single phase 
motor is rotating and "L" when suspended. 

[0028] A control circuit 132 (a recirculating section) performs operations on the outputs 
of the comparison circuit 118 and the absolute value circuit 120 as needed depending on the 
output value of the detecting section 122 to selectively output the driving signals Al, Bl, CI, 
and Dl or the driving signals A2, B2, C2, and D2. That is, the control circuit 132 outputs the 
driving signals Al, Bl, CI, and Dl when the detection signal of the comparison circuit 130 is 
at "L" and the driving signals A2, B2, C2 and D2 when the detection signal of the 
comparison circuit 130 is at "H". 
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Action of the Detecting Section 

[0029] Next, the action of the detecting section 122 will be described below with 
reference to FIGS. 1 and 2. FIG. 2 is a view showing a waveform of each portion of the 
detecting section forming a part of the single phase motor driving unit of the present 
invention. 

[0030] The Hall device 1 16 outputs sine wave signals indicated by solid and broken lines 
and having a phase difference of 180 degrees corresponding to the rotational position of the 
single phase motor. These sine wave signals are reshaped by the comparison circuit 118 into 
rectangular wave signals, which are then supplied to the control circuit 132. The control 
circuit 132 outputs a discharge pulse at the point when the rectangular wave signals change 
(i.e. at the zero-cross point of the sine wave signals), that is, at the flow change point of the 
driving electric current for the single phase coil 106. This discharge pulse is supplied to the 
base of the bipolar transistor 128 of the detecting section 122. Therefore, when the single 
phase motor is rotating, because the charge-discharge voltage at the non-grounded side of the 
capacitor 124 is smaller than the reference voltage VREF, the comparison circuit 130 outputs 
the detection signal of "H". On the other hand, when the single phase motor is suspended, 
because the charge-discharge voltage at the non-grounded side of the capacitor 124 is greater 
than the reference voltage VREF, the comparison circuit 130 outputs the detection signal of 
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Action of the Single Phase Motor Driving Unit 

[0031] Next, the action of the single phase motor driving unit will be described below 
with reference to FIGS. 1, 3 and 4. FIG. 3 is a waveform chart showing a waveform of each 
portion. FIG. 4 is a waveform chart showing a major part of the waveforms of FIG. 3 on a 
larger scale. Note that the driving electric current's portions indicated by oblique lines in 
FIG. 4 show reduced electric current amounts with respect to the conventional driving 
electric current (indicated by a broken line). 

Rotation Mode 

[0032] The action of the single phase motor driving unit when the single phase motor is 
rotating will be described below. 

[0033] The Hall device 1 16 outputs sine wave signals indicated by solid and dashed wave 
lines and having a phase difference of 180 degrees corresponding to the rotational position of 
the single phase motor. With these sine wave signals being inputted thereto, the comparison 
circuit 118 compares the sine wave signals with a reference value (zero-cross) to output 
rectangular wave signals X and Y which are in-phase as the sine wave signals absolutely but 
are different by 180 degrees to each other. At the same time, with the sine wave signals 
being inputted thereto, the absolute value circuit 120 takes the absolute value of the sine 
wave signal and compares the absolute value and a reference value to output a timing signal 
of "H" when the absolute value is smaller than the reference value. That is, the "H" period of 
the timing signal surely includes a flow change point (a zero-cross point of the sine wave 
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signals) of the driving electric current for the single phase coil 106 and extends backwards 
and forwards, centering on this flow change point. 

[0034] The detection signal of the comparison circuit 1 30 is "H" because the single phase 
motor is rotating. In other words, the control circuit 132 outputs the driving signals A2, B2, 
C2, and D2 by performing signal processing using the timing signal of the absolute value 
circuit 120. Specifically, the control circuit 132 first generates the driving signals Al, Bl, 
CI, and Dl identical to the driving signals A, B, C, and D in FIG. 6 and then outputs the 
driving signals A2, B2, C2, and D2 in which the driving signals Al and CI go "L" only in the 
"H" period of the timing signal. That is, the driving signal A2 becomes a signal of "H" only 
in the "L" period of the timing signal out of a period R when the driving electric current for 
the single phase coil 106 is in the right direction in the drawing. Likewise, the driving signal 
C2 becomes a signal "H" only in the "L" period of the timing signal out of a period L when 
the driving electric current for the single phase coil 106 is in the left direction in the drawing. 

[0035] The recirculation action when the direction of the driving electric current for the 
single phase coil 106 is changed will be described below. 

[0036] First, when the driving signals A2 and D2 rise, the bipolar transistors 102 and 104 
are turned on, and the driving electric current flows in the right direction in the drawing 
through the single phase coil 106. Next, when the driving signal A2 falls, only the bipolar 
transistor 104 stays on. Hence, as the driving electric current in the right direction in the 
drawing for the single phase coil 106 circulates clockwise through a recirculation path, which 
is indicated by a broken line, consisting of the single phase coil 106, the bipolar transistor 
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104, and the recirculation diode 1 12, it is dissipated gradually to decrease over time to zero. 
Next, when the driving signal D2 falls, the bipolar transistor 104 is turned off at the flow 
change point of the driving electric current for the single phase coil 106. 

[0037] After that, when the driving signals B2 and C2 rise, the bipolar transistors 108 and 
1 10 are turned on, and the driving electric current flows in the left direction in the drawing 
through the single phase coil 106. That is, the direction of the driving electric current is 
changed. Next, when the driving signal C2 falls, only the bipolar transistor 1 10 stays to be 
on. Hence, as the driving electric current in the left direction in the drawing for the single 
phase coil 106 circulates counterclockwise through a recirculation path, which is indicated by 
alternate long and short dashed lines, consisting of the single phase coil 106, the bipolar 
transistor 1 10, and the recirculation diode 1 14, it is dissipated gradually to decrease over time 
to zero. Next, when the driving signal B2 falls, the bipolar transistor 1 10 is turned off at the 
flow change point of the driving electric current for the single phase coil 106. After that, the 
above actions are repeated. 

[0038] In this manner, the driving electric current for the single phase coil 106, as 
gradually decreasing to zero, changes from one direction to the other in the "H" period of the 
timing signal. That is, the direction of the driving electric current for the single phase coil 
106 changes in a soft-switching maimer. Thereby vibrations and noises of the single phase 
motor can be reduced. Moreover, the driving electric current for the single phase coil 106 is 
reduced for the amount indicated by the oblique lines from the conventional driving electric 
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current in the "H" period of the timing signal. Thereby the power consumption of the single 
phase motor can be reduced. 

Start Mode 

[0039] The action of the single phase motor driving unit when the single phase motor 
does not start will be described below. 

[0040] For example, in a state where the Hall device 1 16 continues to output sine wave 
signals that correspond to the "H" period of the timing signal, the single phase motor does not 
start by the driving signals A2, B2, C2, and D2 by which the recirculation path, indicated by 
the broken or dashed line, is created, but stays suspended. In order to solve this problem, the 
control circuit 132 outputs the driving signals Al, Bl, CI, Dl when the single phase motor 
cannot start and shift to the rotation. 

[0041] Specifically, the detected signal of the comparison circuit 130 is at "L" because 
the single phase motor is suspended and does not start. In other words, the control circuit 
132 outputs the driving signals Al, Bl, CI, and Dl by performing signal processing not 
using the timing signal of the absolute value circuit 120. Hence, even when the Hall device 
1 16 and the rotor of the single phase motor are suspended while opposing each other in the 
above-mentioned state, the bipolar transistors 102, 104, 108, and 110 are complementarity 
switched on and off according to the driving signals Al, Bl, CI, and Dl, and thus the 
direction of the driving electric current for the single phase coil 106 changes as needed for the 
single phase motor to start rotating. 
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[0042] After that, the detected signal of the comparison circuit 130 is at "H" because the 
single phase motor is rotating. In other words, the control circuit 132 outputs the driving 
signals A2, B2, C2, and D2 by changing the signal processing to one using the timing signal 
of the absolute value circuit 120 synchronously with the timing when the detected signal of 
the comparison circuit 130 changes from "L" to "H". Hence, the single phase motor 
continues to rotate with low vibrations, low noises, and low power consumption. 

[0043] As described above, even when the Hall device 116 and the rotor of the single 
phase^ motor are suspended while opposing each other in the above-mentioned state, the 
single phase motor can be certainly started. Furthermore, because driving signals identical to 
those of the conventional art are used only for a short period until the rotation of the single 
phase motor is detected, vibrations, noises, and power consumption of the single phase motor 
can be reduced. 

Other Embodiments 

[0044] Although the single phase motor driving unit, the method of driving a single phase 
motor, and the integrated circuit according to the present invention have been described 
above, the embodiment described above is provided to facilitate the understanding of the 
present invention and not intended to limit the present invention to the details shown. It 
should be understood that various changes and modifications can be made within the spirit 
and scope of the present invention and it is a matter of course that the equivalents thereof are 
included in the present invention. 
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First and Second Driving Transistors 

[0045] In this embodiment, the first and second driving transistors are bipolar transistors. 
However, the present invention is not limited to this. For example, N-channel-type or P- 
channel-type MOSFET can be used as the first and second driving transistors. 

Regeneration Diodes 

[0046] In this embodiment, the recirculation diodes are devices separate from the first 
and second driving transistors. However, the present invention is not limited to this. For 
example, parasitic diodes of the first and second driving transistors can be used as the 
recirculation diodes. Thereby, when integrating the single phase motor driving unit into a 
chip, the chip size can be made smaller. 

Absolute Value Circuit 

[0047] In this embodiment, the reference value set in the absolute value circuit is 
constant. However, the present invention is not limited to this. For example, with the 
reference value being variable, timing signals corresponding to characteristics of various 
single phase motors can be obtained. That is, a single phase motor driving unit with high 
versatility can be provided. Furthermore, by adjusting the "H" period of the timing signal to 
be variable in length, the power consumption can be further reduced. 

[0048] Although the preferred embodiment of the present invention has been described in 
detail, it should be understood that various changes, substitutions and alterations can be made 
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therein without departing from the spirit and scope of the invention as defined by the 
appended claims. 



